Sexual differences in breeding ornamentation are known from a large variety of animal species (Andersson 1994), ranging from the extreme example of the peacock's tail to the more subtle differences in color and morphology within many vertebrate species. Interpreting this gradient of sexual differences as the result of variance in the strength of sexual selection presumes that mainly one sex is selective in mate choice. In general, the sex with the lowest potential reproductive rate is expected to be more choosy (Clutton-Brock and Vincent 1991, Clutton-Brock and Parker 1992), but depending on the costs involved in mate search, any sex may gain fitness advantages by assessing the quality of potential mates. Consequently, in some species choosiness may occur in both sexes (Parker 1983) , producing bisexual ornamentation without clear sexual dimorphism. Under such a scenario, ornaments may reveal information about individual qualities in both sexes.
In "good gene" models of sexual selection it is assumed that individuals can assess heritable qualities of potential mates and thus increase the genetic quality of their offspring. This fitness advantage has been hypothesized to fuel the evolution of quality signalling traits, such as costly secondary sexual characters (e.g., Zahavi 1975 Zahavi , 1977 . As an explicit case of "good gene" models, Hamilton and Zuk (1982) suggested that parasite resistance is an important genetic quality revealed in secondary sexual ornaments. Heritability of parasite resistance and thus variation in expression of sexual ornaments will be maintained despite directional selection exerted through mate choice because of the particular ability of parasites to rapidly co-evolve with their hosts (but see Atkinson 1991) . Given a positive parentoffspring correlation in genetic resistance, mate choice based on signals of parasite resistance will give fitness benefits in the form of parasite resistant offspring.
Parasites can specifically influence the development and maintenance of secondary sexual characters through two different mechanisms. First, in cases where the acquisition of important metabolites for ornamental development, like carotenoids, results in increased exposure to pathogens, ornaments may reveal an individual's ability to tolerate parasite exposure ). Second, since development and maintenance of secondary sexual characters may impose costs to immunity, they may honestly signal parasite resistance (Folstad and Karter 1992; see also Wedekind 1994) . Genetic resistance to parasites will in both cases influence establishment rates and pathogenicity of parasites and thus modify expression of secondary sexual characteristics.
The Arctic charr, Salvelinus alpinus (L.) has several qualities making it an interesting species for studies on signals of potential importance in sexual selection in general, and more specifically, for testing hypothesis related to signals of parasite resistance. First, both sexes develop bright, carotenoid based (Scalia et al. 1989) , red abdominal coloration during the spawning period, making it a bisexually ornamented species. Second, neither sex shows parental care after spawning (Fabricius 1953) , and both sexes receive nothing but gametes when they reproduce. This suggests that any mate choice in this species may, in addition to potential direct benefits from avoiding contact-transmitted diseases and gamete quality and quantity (Skarstein and Folstad 1995, Folstad and Skarstein in press), be for "good genes". Third, the species is polygamous, with males usually fertilizing eggs from several females (Fabricius 1953, Fabricius and Gustafson 1954). Females are also observed spawning with several different mates, although not as frequently as males (Fabricius and Gustafson 1954 ). This variation in number of mates within both males and females suggests that sexual selection may be at work in both sexes. Fourth, since Arctic charr may be reproductively active for over fifteen years (Johnson 1980 ), benefits of current ornamentation should be carefully balanced against costs to future reproduction. Subsequently, age-specific variation in spawning coloration should be low compared to species with shorter life expectancies. Fifth, several carotenoid rich crustaceans are intermediate hosts for parasites harbored by Arctic charr. This link between colorants for ornamentation and parasitic transmission propagules might increase the homogeneity in exposure , reducing the problem of distinguishing between unexposed and resistant individuals (Read 1990, McLennan and Brooks 1991) . Last, Arctic charr are commonly infected with easily identified parasites with similar transmission routes, but with large species specific variation in pathogenicity.
In this study, we investigated three a priori predictions: First, since individual female Arctic charr have a lower potential reproductive rate than individual males, males are expected to be the most ornamented sex (Clutton-Brock and Vincent 1991, Clutton-Brock and Parker 1992). Second, if immunological costs are associated with development of breeding ornamentation, a negative relationship between level of immunocompetence and degree of ornamentation should be expected (Folstad and Karter 1992 
Materials and methods

Sampling
Sexually mature Arctic charr, 22 males and 38 females, were caught on a spawning ground in Lake Fjellfrosvatn, northern Norway. This occurred on three consecutive nights during the short spawning period in mid-September. The spawning ground was identified with the help of local knowledge, presence of redds (i.e., marks from finished spawnings) and occurrence of large numbers of ripe males and females.
The between-sample variation of the effect stress may have on labile characters, such as coloration and immunological parameters, caused by netting was reduced by setting and emptying the nets so that fishing time of each net, which was the maximum time a fish could spend in the net, spanned from between one to three h. This variation was due to differences in size of catches, producing differences in handling time.
Photographic equipment and picture analysis Immediately after collection, each fish's abdomen was photographed under identical light conditions with Kodak 64 ASA EPR Ectachrome film. The pictures of the individual abdomens were later digitized using Kodak's Photo-CD system, making them available for evaluation with the computer application Adobe Photoshop (Macintosh version 2.5) to produce numerical estimates for the three color properties hue, value and chroma. Hue represents the wavelength of a color, while value and chroma can respectively be understood as the darkness and saturation of a color (Smithe 1975 ). The more commonly used and readily understood terms darkness and saturation will be used instead of value and chroma. For each fish, the average intensity for each of the three color properties was measured, based on all pixels enclosed by an area within the pentagon obtained by drawing lines between the four paired fins and the point where the two gill opercula meet. Mean intensity of the three color parameters with standard deviation are given in Table 1. OIKOS 76:2 (1996)
The three color parameters hue, darkness and saturation have usually been fused to produce an index appropriate to the investigated coloration (e.g., Burley et al. 1991 ). However, each of these color properties might vary with regard to parasite levels independently of each other, and thus be of separate importance in the complete spawning coloration (Wedekind 1992 ). Therefore hue, darkness and saturation were treated as separate components of the breeding ornamentation. As we evaluate ornaments in the context of metabolic costs, a dark or saturated coloration was considered more ornamented than a light or unsaturated coloration because of the higher density of metabolic colorants, just as redder hues were considered more ornamented.
Immunology
Blood samples were collected from the caudal vessel of each fish using 2-ml heparinized vacutainers. Blood smears were fixed and stained for identification of lymphocytes and erythrocytes according to Rowley (1990) . These blood smears were later used to determine the lymphocyte/erythrocyte ratio by taking the average of lymphocyte and erythrocyte counts from two independent areas on the smear. Hematocrit (i.e., the percentage of red blood cells in a blood sample) for each fish was determined by centrifuging a portion of the blood sample in a capillary tube for three min at 11500 rpm with a Compur Mini Centrifuge. Then, by multiplying hematocrit value by the lymphocyte/erythrocyte ratio, an estimate for the level of circulating lymphocytes in each fish was obtained.
Morphometric and parasitological data Body length and ungutted weight were measured and each fish was aged using the number of growth zones on the otoliths (Grainger 1953) . Sex was determined by investigation of gonads. A condition factor was calcu- Table 1 . Arithmetric means with standard deviation (SD) for length, age, weight, condition factor and the color properties hue, darkness and saturation (all given as log-Munsell values), grouped by sex. For length, age, weight and condition factor the mean and SD of the raw data is used, while for the color parameters the mean and SD is calculated from the log-transformed intensities. For the three color parameters, N=20 males and 33 females. All other parameters N= 22 males and 38 females. 
Males
Results
Effect of sampling time No significant relationship was found between intensity of either hue, darkness or saturation and fishing time of nets (T = 0.08, P=0.4; T= 0.06, P=0.5; and T=-0.05, P = 0.58, respectively, N =53) or between lymphocyte levels and fishing time (T =-0.10, P= 0.29, N= 55).
Sexual differences
There was a positive relationship between the three color parameters, i.e., individuals with redder hues also tended to be darker and more saturated (t ranged between 0.56 and 0.66, N=53, P always <0.0001). Males differed significantly from females with respect to all three color properties (hue: t= -3.52, P< 0.001; darkness: t=-2.21, P < 0.02 and saturation: t= -1.82, P = 0.038, one-tailed t-test, see Fig. 1 ). That is, males had redder hues and were darker and more saturated. Neither weight, length nor age differed significantly between the sexes. Lymphocytes and ornamentation Significant negative relationships were found between levels of lymphocytes and degree of coloration in both sexes (Table 2) . In males hue, darkness and saturation showed significant negative correlations with lymphocyte levels (Table 2 and Fig. 2 ). Among females, only darkness and saturation showed a significant negative relationship with levels of lymphocytes (Table 2) . In females, but not males, all the three color properties were also positively related to the condition factor. However, after controlling for condition factor, both darkness and saturation still showed a significant negative relationship to lymphocyte counts (Table 2 ).
Parasites and ornamentation
Prevalence (i.e., percentage of infected individuals) and arithmetic mean intensity of the log-transformed data with standard deviation (SD) of the different parasite groups are given in Table 3 . Table 2 ). None of the other parasite intensities were related to color intensities in males. Diplostomum spp. intensities were also positively related to age. Nevertheless, after controlling for age, the positive relationship between Diplostomum spp. intensities and hue remained significant (Table 2 ). No significant relationship was found between the potential confounder condition factor and intensities of Crepidostomum spp.
Females. Intensities of Crepidostomum spp. were positively correlated to hue and saturation, and Diplostomum spp. intensities were positively correlated to hue (see Table 2 ). We also found negative association between C. truncatus intensities and darkness levels (z = 0.23, P= 0.063, N= 33). Condition factor was positively related to coloration, and when partialling out the effect of this confounder, the level of significance increased to P < 0.05 (xyz = 0.24, N= 33). Moreover, intensities of C. truncatus were positively related to age, and after controlling for age the relationship between C. truncatus intensities and darkness levels became significant (P < 0.025, Tx.z = 0.26, N = 33). In females, intensity of the three color properties were positively related to condition factor, therefore relationships between parasite intensities and color intensities were calculated for a given condition (see Table 2 ). None of the other parasite intensities were related to coloration in females. Diplostomum spp. intensities were positively related to age. However, after controlling for age, the positive relationship between Diplostomum spp. intensities and hue remained significant ( . If more ornamented individuals also have lower intensities of infection, the observed relationship might be explained by healthy individuals being both bright and having low antigen levels available to stimulate lymphocyte transformation and multiplication. In the present study, however, highest parasite intensities were, with the exception of the parasite C. truncatus in females, found in the more ornamented individuals. Thus, an explanation based on general health as a determinant of both coloration and lymphocyte levels, although parsimonious, seems insufficient to account for the observed negative correlation between intensity of coloration and our estimate of immunocompetence.
The above explanation would suffice if lymphocyte levels depend mainly on current infection levels. However, host decisions might alter lymphocyte levels independent of antigen-stimulated effects on lymphocyte populations. Thus, an alternative interpretation of the negative correlations between intensity of coloration and our measure of immuncompetence may stem from immunosuppressive effects of sex hormones necessary for ornament development (Folstad and Karter 1992) . Such a dual effect may arise if sex hormones allocate limited amounts of energy or metabolites between immune functioning and ornament development (Wedekind and Folstad 1994) . In species where carotenoid-dependent coloration is commonly used as sexual signals, carotenoids may be of limited availability in the environment (Hill 1992) . The use of carotenoids in secondary sexual characters may on the one hand increase the bearer's attractiveness towards potential mates, while on the other hand such use channels carotenoids away from important immunological functions. These immunological functions may be served both directly (Chew 1993 Moreover, there should be a positive relationship be-tween the intensity of the two parasite species. In the current study, however, no support for these predictions is found. Consequently, the positive correlations between parasite intensities and degree of coloration seem to be the result of increased susceptibility which is also the most parsimonious explanation.
It has been suggested that by basing mate choice on carotenoid-dependent coloration, individuals will mate with partners with good foraging efficiency and predator avoidance (Endler 1983 ). Elaborating on this, Lozano (1994) suggests that such mate choice for good carotenoid foragers would also obtain matings with individuals healthy from the immunological benefits of carotenoids. As a reasonable prediction from this body of theory, one would expect a positive relationship between intensity of coloration and lymphocyte levels, since individuals better at obtaining carotenoids should have carotenoids available for both ornamentation and immune defense. However, the observed negative relationship between lymphocyte counts and intensity of coloration suggests that intensity of coloration could reveal inherent qualities of the immune system, rather than just reflecting an individual's excess of carotenoids.
In conlusion, if the immunological implications of ornamentation suggested in this study should prove to be of a more general nature, increased susceptibility to parasites and parasite pathogenicity may be found as the proximate cost ensuring honesty in signal systems within sexual selection.
